This paper describes the assessment and training program to evaluate speech, language, and communication skills of profoundly deaf children during and after training. Two sensory aids/prostheses are used: hearing aids and the Nucleus multichannel cochlear im plant. Using a single-subject time-series experimental design, children's speech, language, and communication skills are assessed. For speech skills, assessment includes formal tests of articulation and intelligibility, syllable stress and process analyses, analyses of suprasegmental features, and voice quality. For general communication abilities, conversational skills with different speakers, story production skills, comprehension and expression of procedural information, discourse skills, and a measure of conversational interaction skills (pragmatics) are analyzed at regular intervals. Regular observations also sample the subjects' mode and frequency of interactions with individuals and groups in the school and home setting. Normative tests and formal analyses of language samples are also used to assess the overall language age of the child, vocabulary size, and kinds of expressive and receptive, syntactic, and semantic ability.
This paper outlines the evaluation and rehabilitation strategies that are being adopted in a current study of the effects of cochlear implantation in deaf children. The work is being undertaken by a multidisciplinary research team based at the University of Melbourne using a smaller ver sion Nucleus Implantable Hearing Prosthesis suitable for children. The implantable prosthesis can allow the delivery of a number of speech-processing strategies. The voicing or fundamental frequency (FO) can be presented to one or more electrodes at the same rate as FO. In addition, the sec ond formant (F2) can be presented to an appropriate elec trode. A newer speech-processing strategy, where the first formant (Fl) is used to stimulate different electrodes, has been shown to give improved speech perception results in postlingually deaf patients.
Research undertaken with our adult cochlear implant patients has shown that they derive substantial benefit from this device. They can learn to detect and discriminate prosodic information in speech and a wide range of environ mental sounds. Furthermore, the special information avail able with multichannel stimulation provides additional benefit and enables many users to perceive and process speech through hearing alone.' These results have encour aged us to plan experimental studies with devices that in clude totally deaf children.
It has been hypothesized that cochlear implantation is likely to be of maximal benefit to young deaf children. In the early, optimal years for language development between birth and 6 years of age, artificial stimulation of the audi tory system may facilitate young children's development of auditory processing skills, their speech production, and their communicative ability.'''^ It has also been proposed that preadolescents who have developed some verbal com munication skills may learn to adapt readily to the speech signal they perceive through cochlear implants.' However, research studies undertaken with children thus far have been unsatisfactorily designed and controlled. These studies failed to provide evidence of the specific benefits derived from these devices because the children have lacked both adequate preoperative assessments and educational evalu ation as well as long-term postoperative rehabilitation, evaluation, and appropriate educational and familial sup port."' If the full potential of the cochlear implant as an aid to communication in deaf children is to be realized, evaluation and rehabilitation must attend equally to analytic, as well as global, skills in speech perception, speech production, language, and communicative develop ment. This process requires long-term cooperation between the child, the parents, the cochlear implant clinic, educa tors, and rehabilitators.'-* Our research attempts to meet some of these objections to previous studies by incorporating four features. First, the study uses an experimental design that maximizes the restrictive experimental conditions of small samples of sub jects, unexpected contingencies at home and school, the practical limits of child cooperation, and the limited time The following preoperative and postoperative speech reception, speech production, language, and communica tion observations are to be undertaken in our studies. The final selection of test material is dependent on the age appropriateness and skill levels of the particular child. 
Language and Communication. Table 3'" summarizes the range of instruments being employed to develop a global assessment of the child's receptive and productive language and communication skills. The tests are used as appropri ate to the child's age and skill level. The evaluations in clude measures of the child's vocabulary size, early commu nication skills, and receptive and productive semantic and syntactic abilities, as well as conversational skills and prag matic development. For the latter areas, an analytic tech nique devised by Cole and St Clair-Stokes'* for evaluating conversational styles and pragmatics in parent-child inter action is being employed. Observations of the child com
municating with peers at home and at school will also be made. followed through in these settings and is likely to maximize the benefits the child derives from the implant.
Second, an ongoing diagnostic teaching approach will be employed by the educator or rehabilitator who is a mem ber of our team. His/her primary role is 1) to carry out the preoperative and postoperative battery of assessments with children who receive cochlear implants, and 2) to develop individualized rehabilitation programs for each child. The children are seen individually for daily sessions of 1 hour's duration throughout the program. This role is considered to be essential in studies of cochlear implantation in children, at least until we determine the effects on progress
Fourth, the clinical team is seeking to assist in providing information and counseling support to the child's family (and extended family). The important role of the family in the development of a deaf child has long been recog nized." When considering a cochlear implant for their child, parents are subject to stresses additional to those al ready imposed in coming to terms with their child's dis ability. These are related to decisions about whether to seek an implant while faced with conflicting professional opin ion and inaccurate media publicity, to uncertainties about the risks involved, to developing realistic expectations of the implant, to the needs of siblings and extra demands made on parents' time when taking part in the study. Experience also underlines the importance of providing sensitive and detailed explanations and emotional support to the child implantee whose cooperation and positive atti tude would be a prerequisite to success.
SUMMARY

This paper presents a summary of the educational assess ment protocols and management procedures that have been developed for application to deaf children with the Nucleus cochlear implant.
It is argued that assessment protocols should take into account higher order, intermediate, and lower level skills of children in speech and language production and recep tion, as well as the ongoing development of general com munication skills if the efficacy of the cochlear implant is to be assessed fully.
The test battery considers factors such as a child's previ ous speech and language training and the language appro priateness of the test material. The battery also includes an assessment of the child's multisensory abilities, includ ing comparisons between auditory-visual, tactile-visual, and visual-only speech perception performance. For linguistic skills, the protocol assesses the child's reception and pro duction skills in speech (segmentals and suprasegmentals), language (syntax, semantics, and pragmatics) and commu nication (including conversational skills) both preoperatively and postoperatively. This protocol allows for full ongoing assessment, as well as planning for rehabilitative and educational programs.
